Dephosphorylation of abnormal sites of tau factor by protein phosphatases and its implication for Alzheimer's disease.
The abnormally phosphorylated forms of tau factor are major constituents of neurofibrillary tangles in Alzheimer's disease brain. In order to investigate protein phosphatases which are related to dephosphorylation of abnormal phosphorylation sites, we examined the dephosphorylation of tau factor phosphorylated by three proline-directed type protein kinases. Tau factor phosphorylated by cdc2 kinase and tau protein kinase II was dephosphorylated by the holoenzyme of protein phosphatase 2A and calcineurin, while either the catalytic subunit of protein phosphatase 2A or protein phosphatase 2C could not catalyze the dephosphorylation. From the kinetic analysis, we concluded that tau factors phosphorylated by the protein kinases serve as good substrates for protein phosphatase 2A and calcineurin. On the other hand, tau factor phosphorylated by glycogen synthase kinase 3 alpha was dephosphorylated by the catalytic subunit of protein phosphatases 2A as well as the holoenzyme of protein phosphatase 2A and calcineurin. It has been reported that serines 199, 202 and 396 according to the numbering of the longest human tau isoform are among the major abnormal phosphorylation sites of tau factor. We synthesized two phosphopeptides which contained phosphoserines 199 and 202 or phosphoserine 396 and prepared the polyclonal antibodies specific for the phosphopeptides. Using these antibodies, we confirmed that the holoenzyme of protein phosphatase 2A and calcineurin could dephosphorylate phosphoserines 199, 202 and 396 in tau factor. The catalytic subunit of protein phosphatase 2A could dephosphorylate phosphoserine 396 but not phosphoserines 199 and 202. Neurofibrillary tangles in Alzheimer's disease brain were immunostained with both antibodies but the normal neurons in the normal aged brains were not. The results suggest that protein phosphatase 2A and calcineurin can be involved in the dephosphorylation of abnormal phosphorylation sites in tau factor and that the dephosphorylation of phosphoserine 396 is differently regulated from phosphoserines 199 and 202.